###### Strengths and limitations of this study

-   A continuously updated data extraction form will be used to ensure data integrity and relevance.

-   We will resolve disagreements during the assessment through consensus or discussions with a third investigator.

-   Although we will include research published in any language, translation difficulties may occur, which will cause these studies to be excluded.

-   Differences in patients, interventions and primary outcomes may mean that meta-analysis cannot be conducted, and narrative and meta-analytical syntheses are planned.

-   Multiple limitations may increase the heterogeneity of the study, thereby hampering the results of the meta-analysis.

Introduction {#s1}
============

Essential tremor (ET) is a chronic, progressive movement disorder occurring in adults, with a prevalence ranging from 0.4% of the general population to 5% of the population over the age of 65 years.[@R1] It appears that the prevalence of ET increases exponentially in the ageing population.[@R4] While the direct cause of ET remains unknown, recent reports have indicated that loss or dysfunction of Purkinje neurons in the cerebellum likely plays a key role in the aetiology of ET,[@R5] and electrophysiological methods reveal abnormal oscillations in the cortical-ponsal-cerebellar-thalamic-cortical loop.[@R9] It is still unclear why this network is involved in tremor; however, it is thought to be associated with abnormalities in gamma aminobutyric acid transmission in brain tissues of patients with ET.[@R11]

Traditionally, ET is defined as bilateral but systematic kinetic and postural tremors of the upper limbs, voice, head, face, chin, legs or a combination of these symptoms.[@R12] The incidence of ET usually involves the upper limbs (95% of patients) according to anatomical distribution; less commonly affected are the lower limbs (30%), head (25\~34%), sound (12\~15%), tongue (7%) face (5%) and trunk (5%), as described in several previous reports.[@R13] There are few patients with ET with isolated head tremor.[@R16] Recently, some studies indicated that some complementary neurological signs (ie, other than action tremor), such as mild impaired memory, impaired tandem gait and subtle dystonic body posturing, are present in patients with ET. These clinical symptoms and signs were so mild that they did not suffice for other neurological diagnoses. It was recently proposed that these presentations might be classified as 'essential tremor plus' by the[@R18] International Parkinson and Movement Disorder Society in 2018.[@R18]

Despite the presentation of new viewpoints on ET pathogenesis, the treatment of ET remains merely symptomatic. The therapeutic approach to ET still primarily depends on drugs, although surgery may be an option for patients with refractory ET. As of 2018, propranolol and primidone are still two first-line medications for the treatment of primary tremor, according to the recommendations of the US Food and Drug Administration (FDA) and the European Medicines Agency.[@R18] In particular, the US FDA approved only propranolol for ET. Conventional wisdom is propranolol is only effective against the upper limb action tremor, while axial tremor symptoms, such as essential head tremor and voice tremor, usually respond poorly to propranolol treatments.[@R3] Studies have shown that the severity of tremors develops over time, possibly producing other clinical tremors (such as voice tremors) and neurological soft signs (such as memory loss, gait abnormalities, balance disorders, etc), which makes it even more difficult.[@R21] Therefore, we performed subgroup classification based on anatomical distribution and combined it with soft signs of the nervous system to find the best choice for drug control of primary tremors. However, some recent studies provide emerging evidence for oral propranolol on subgroups of ET, which is based on the anatomical distribution of ET (lower extremities, head, sound, tongue, etc).[@R23] Integration of these new data is necessary to refine the treatment for the efficacy of propranolol in the subgroups of ET.

The systematic review protocol is performed under the Preferred Reporting Items for Systematic review and Meta-Analysis Protocols (PRISMA-P) guidelines.

Patient and public participation {#s1-1}
--------------------------------

No patients will be involved.

Research objective {#s1-2}
------------------

The purpose of the systematic review and meta-analysis will be to address the safety and efficacy of propranolol in treating subgroups of ET. The issues of interest to this review are listed below: How effective is the therapy? What is the optimal dosage of the therapy in clinical studies? What are the adverse effects of the therapy? and others.

Methods {#s2}
=======

Eligibility criteria {#s2-1}
--------------------

### Population included {#s2-1-1}

This study will include adult men and women over the age of 16 years with ET diagnosed according to the criteria set by the Tremor Investigation Group,[@R28] and the Consensus Statement of the Movement Disorder Society on Tremor.[@R18] Individuals with Parkinson\'s disease, metabolic tremor, drug tremors, toxicity-related tremor, tonic tremor, neurological tremor and functional tremor will be excluded.[@R3]

### Intervention {#s2-1-2}

The reference intervention is oral propranolol, both long-acting and short-acting formulations. We hypothesise that oral propranolol treatment will be better than other intervention treatments.

### Comparators/control {#s2-1-3}

There are many alternative treatment options for ET, including: (1) Non-operative care with primidone, topiramate, botulinum toxin injections or other drug therapies. (2) Operative care with deep brain stimulation or thalamotomy or gamma knife thalamotomy.[@R30] Briefly, the comparator group will include all other treatments.

Outcomes {#s2-2}
--------

### Primary and secondary outcomes {#s2-2-1}

Our primary outcome will be the functional disability component related to tremors, which is measured by the Fahn-Tolosa-Marin Tremor Rating Scale (TRS) subscales B and C.[@R31] Secondary outcomes of interest will include the severity of tremors and quality of life (QoL). Specifically, the severity of tremors will be measured using the Fahn-Tolosa-Marin TRS subscale A and total score, Patient Global Impression (PGI) and Clinical Global Impression (CGI). At the same time, we will use a validated QoL scale or questionnaire to measure QoL, such as the 36-item Short Form or EuroQol.[@R31]

Study design {#s2-3}
------------

The systematic review protocol will be performed under the PRISMA-P guidelines[@R32] and will be reported in accordance with the PRISMA extension statement in the meta-analysis. The completed PRISMA-P checklist for the current review is provided with [online supplementary file 1](#SP1){ref-type="supplementary-material"}. We will include all randomised controlled trials (RCTs) that examine the efficacy and safety of propranolol for the treatment of ET. We will not limit language in order to identify all relevant RCTs, both published and unpublished. To improve the internal validity of the review, the Grades in Recommendation, Assessment, Development and Evaluation approach will be used to evaluate RCTs. RCTs have the highest level of evidence for this method. To express our research criteria in a more visual manner, the following table ([table 1](#T1){ref-type="table"}) has been provided.
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###### 

The list of inclusion and exclusion criteria

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Inclusion       Exclusion                                                                                                                                                                                                                                    
  --------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------
  Population      Adults over the age of 16 yearsIndividuals with diagnosed ET                                                                                                                                                                                 Parkinsonian tremorMetabolic tremorToxicity-related tremorsDystonic tremorNeuropathic tremorFunctional tremor

  Intervention    Oral propranololLong-acting or short-acting formulation                                                                                                                                                                                      All other intervention types

  Comparators     Non-operative care with primidone, topiramate, botulinum toxin injections or other drug therapiesOperative care with deep brain stimulation, thalamotomy or gamma knife thalamotomy, or the comparator group includes all other treatments   N/A

  Outcomes        PrimaryFahn-Tolosa-Marin Tremor Rating Scale\                                                                                                                                                                                                N/A
                  SecondaryTremor severityQuality of life                                                                                                                                                                                                      

  Study designs   Randomised controlled trials                                                                                                                                                                                                                 Conference proceedingsAvailability of only the abstract
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ET, essential tremor.

### The planned start and end dates {#s2-3-1}

The start date of the study is April 2019, and the end date is February 2020.

Patient and public participation {#s2-4}
--------------------------------

No patients will be involved.

Search strategy {#s2-5}
---------------

We will perform a comprehensive electronic search of the medical and rehabilitation literature using medical subject headings and text related to ET and propranolol. A comprehensive electronic search of the following databases will be performed, including PubMed, MEDLINE, EMBASE, the Cochrane Library, UptoDate and PEDro, from the beginning of each database to June 2019. Two different experts have developed the search strategy based on the Peer Review of Electronic Search Strategies framework.[@R33] Professionals will be asked to review the strategy if necessary. There is an example for the search strategy using the Medline search ([online supplementary file 2](#SP2){ref-type="supplementary-material"}) that will be modified according to the indexing systems of the other databases. Grey documents that meet the inclusion criteria will also be searched, including papers that have been published, reports on relevant agencies, and unpublished data and manuscripts provided by the original authors.
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Study records {#s2-6}
-------------

All standards-compliant articles identified in the databases will be imported to EndNote X7 for management. All retrieved articles will be strictly screened by two independent reviewers according to the inclusion criteria. Simultaneously, for some uncertain articles, the reviewers will browse the title and abstract to determine eligibility. The full texts of each potentially relevant article will strictly adhere to the selection criteria during the title and abstract screening phase. The full texts of all potential articles that meet the inclusion criteria will be obtained and reviewed again. Two independent reviewers will screen the full texts for inclusion. If there is any opposition, we will consult or seek the opinion of the third examiner. The reviewers will have no preferences for authors or journals when screening articles.

Data extraction {#s2-7}
---------------

To extract the most relevant data from the article, a predesigned data extraction form will be constructed and will continue to be updated to ensure data integrity and relevance. All data will be independently extracted by the two reviewers and then compared at the end of the review. Divergences will be resolved by consultation or discussion with the third examiner. Reviewers will be impartial in extracting the data. The extracted data form will mainly include the following information: the general information on the publication (author, year), the characteristics of the participants (sex, age, age range, health status), study design, sample size; length of follow-up; the study methods used; the control group; the forms of tremor; the dose of propranolol; the dose of other drugs; the statistical analysis methods; and the effect of the intervention. Only one article will be kept when there are two or more articles derived from the same data. To ensure the integrity and authenticity of the data, the researchers will contact the author by email or telephone to request the original data when data are found to be missing. If there are no responses after two consecutive emails and calls, the data will not be included.

Outcomes and prioritisation {#s2-8}
---------------------------

### Primary outcome {#s2-8-1}

Our primary outcome will be the functional disability component related to tremors, which is measured by the Fahn-Tolosa-Marin TRS subscales B and C. Rest, posture and tremor are the three elements of TRS, and ETs will be scored using three subscales to assess the severity of the tremor. The three subscales are the posture and the magnitude of the tremor, the ability to perform certain actions and disabilities in daily living due to tremor. Each subscale ranges from 0 to 4, which represents none, mild, moderate and severe, and the overall maximum scores are 16, 36 and 32 in each subscale. Finally, the scores of the three subscales will be summed to obtain the overall TRS score.

### Secondary outcomes {#s2-8-2}

PGI, CGI and Fahn-Tolosa-Marin TRS subscale A and total score are used to assess the severity of ET. PGI is a scale for patients to self-rate the severity. CGI is a scale for clinicians to assess the severity. At the same time, we will use a validated QoL scale or questionnaire to measure QoL, such as the 36-item Short Form or EuroQol.

Risk of bias and meta-bias {#s2-9}
--------------------------

Two reviewers will separately assess the risk of bias and reporting quality of all included studies. Moreover, each RCT will be assessed in Review Manager (RevMan) V.5.3.3. Each included study will be evaluated using a bias risk table that includes seven items, including random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other bias. Then, according to the results of the table, it is divided into low risk of bias, unclear risk of bias and high risk of bias. In addition, we will resolve disagreements in the assessment through consensus or discussions with a third investigator.

Data synthesis {#s2-10}
--------------

### Strategy for data synthesis {#s2-10-1}

The primary tool for data analysis will be Review Manager software (RevMan5.3). A random-effects model will be managed with data indicators from all of the studies for meta-analysis. We will evaluate and analyse the data on the overall included studies and summarise its 95% CIs using a random-effects model. Differences will be considered statistically significant when the p value is less than 0.05. The funnel plot will be used to evaluate heterogeneity between overall included studies, such as differences in study types, risk of bias, publication bias, differences in measurement resolution and so on.[@R34]

### Analysis of subgroups or subsets {#s2-10-2}

Subgroup analysis will be carried out if there are sufficient data. Several subgroup analyses will be used to examine differences between the types of ET (eg, upper limbs, lower limbs and less commonly, the head, voice, tongue, face, trunk and others); age; the different dosages of propranolol; side effects of propranolol; the different therapies for ET; and study designs (eg, treatment groups vs no control group, RCTs vs non-RCTs). Among these variables, the dosage of propranolol and the types of ET are assumed to be the most important, as it remains unknown what dosage of propranolol is the most effective against different types of ET.

Discussion {#s3}
==========

Treatments for ET can be mainly subdivided into three categories: medicine (propranolol, primidone, topiramate), surgical treatments (deep brain stimulation, gamma knife surgery, MRIgFUS (MRI-guided focused ultrasound)) and other therapies (botulinum toxin, lifestyle management).[@R30] Thus far, there has not been a major breakthrough in ET treatments. Propranolol and primidone are generally the first treatment options in treating ET. Propranolol was proven to be effective against the treatment of ET in 1973.[@R35] Furthermore, published controlled trials have shown that the average effective dose of propranolol is 185.2 mg/day, and the daily dose range is 60--800 mg/day.[@R36] In addition, there is insufficient evidence indicating that a dose over 320 mg per day would provide any benefits. In the treatment of ET, an approximately 50%--70% response was observed. Compared with placebo, the average tremor can be reduced by approximately 50%.[@R36]

The primary objective of this systematic review will be to evaluate the efficacy and safety of propranolol in the treatment of ET. We will conduct a qualitative and quantitative analysis of the overall data included in each study, and we will hopefully find the optimal drug dose for the treatment of the ET subgroup. Furthermore, we will summarise as much as possible the role of propranolol in the treatment of ET, especially for axial tremors. The limitations of this systematic review are mainly due to the heterogeneity of the methodology, which may result in some results not being analysed.
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